Introduction
The cotton (gossypium arboreum) belongs to the Malvaceae, or mallow, family. It has been collected from the wild in Africa and used for weaving clothes for ages and it gave the flip off for several textile industries in northern Nigeria. The seed has several medicinal values and the liquid squeezed out of the leaf is used locally for the treatment of cobra snake split into the eyes. The seeds and fibers are enclosed in a boll which at maturity opens up to expose the white fibers.
The seed contains oil-bearing kernel surrounded by a hard black outer hull which produces fibers and linters, 20-25% high quality protein, carbohydrate and other constituents such as vitamins, minerals, lecithin, sterols etc Fig.1 . It is also reported to be very rich in tocopherols which prevent it becoming rancid leading to extended shelf life of products made from it (Brien and Wakelyn, 2005) . The oil has good lubricating properties and has been reported by Ertugrul and Filiz (2004) to be good additive to lubrication oil. The refined oil is edible and the by-product is energy rich feed for livestock. The seed are sometimes used to feed cattle without processing but because it contains a toxin called gossypol, the safety aspect has been suspected (Santos et al, 2005; Villagenor et al., 2008) . The crude oil is black as shown in Fig. 2 and is usually refined and bleached to remove impurities and the black colour to produce marketable clear yellow oil.
Vegetable oils have viscosities about 20 times higher than that of diesel according to (Sinha et al., 2008; Heseed et al., 2011) . The raw cotton seed oil is therefore, despite containing triglycerides, unsuitable for direct use as fuel in a diesel engine. The problem has been solved by either diluting with other lighter fuels such as diesel or an alcohol, transesterifying to biodiesel, micro emulsification, pyrolysis or catalytic cracking (Lin et al., 2011) . Transesesterification is however, more widely used because of high conversion efficiency, simplicity of the conversion process, low conversion cost and the excellent qualities of the fuel produced (Fernandao et al., 2007) . The triglycerides in the oil can be converted to biodiesel that is a suitable alternative fuel for diesel engines. Biodiesel is the mono alkyl ester produced when vegetable oil or animal fats is reacted with methanol in the presence of a catalyst. It is highly biodegradable, not particularly very toxic, has renewable and secured agricultural source, it wets the surface and hence a good solvent and lubricant. The exhaust emissions levels are lower than those of diesel making it more environmentally friendly than diesel fuel. Few studies have been made on the transesterification of cotton seed oil to biodiesel and includes by (Rashid et al., 2009 ) who reported similar properties to diesel, (Nabi et al., 2009 ) who did a performance evaluation and reported increase in No x emission and (Huseyin and Bayidir, 2010) who conducted a performance and emission analysis of cotton seed oil methyl ester in a diesel engine for B5, B20, B40, B75 and B100 blends. Since the properties of vegetable oils vary to a large extent on the places it was grown, this work reports the properties of the cotton seed grown in northern Nigeria. 
Materials and Methods

Oil extraction
Cottonseed was procured from the local market in Akure. It was delinted, decorticated, dehulled and then dried in the sun at 35 o C for 3 days to reduce the moisture content. The oil was extracted by soxhlet extractor using normal hexane as solvent (Conkerton et al., 1995) and operated at 60 o C. Since hexane is highly toxic and harmful to the environment, the hexane in the oil was removed using a rotary evaporator. The weights of seeds used and that of the oil extracted were measured.
Transesterification Procedure
Transesterification was carried out in a laboratory scale biodiesel processor using anhydrous ethanol at a molar ratio of 6 to 1 and 0.75 wt % sodium methoxide as catalyst. The processor was stirred at 600 rpm and 60 o C for 2 hours, after which the mixture was poured into a decanter and allowed to settle for about 8 hours for the reaction to be completed and to separate into biodiesel and glycerol. The conditions used are similar to the optimized system parameters established by Rashid et al.,(2009) of 6:1 methanol/oil molar ratio (mol/mol), 0.75% sodium methoxide concentration (wt %), 65 o C reaction temperature, 600 rpm stir rate, 90 min reaction time which fetched a maximum biodiesel yield of 96.9%. After decanting, the lighter biodiesel was washed with deionized water thrice and then chemically dried by passing it through anhydrous sodium sulphate (Na 2 SO 4 ).
Fatty Acid Profile
The fatty acid profile of the oil, biodiesel and the standard sample of free fatty acids were determined using the HP 6890 Gas Chromatography analyzer. Data collection and analysis was done with the aid of HP ChemStation Rev A 09.11 [1206] software. The analyzer was equipped with a Flame Ionization Detector (FID) and used nitrogen as the carrier gas. The initial oven temperature was set at 60 o C and the procedure was as reported by Bello and Otu (2011a) and Bello and Makanju, 2012a) .
Characterization
The cottonseedoil (CSO) and its biodiesel (methyl ester) where characterized using the various ASTM and EN protocols for biodiesel.
Results and Discussion
Oil content
The percentage oil content of the cotton seed kernel was determined using equation 1. % = ℎ ℎ 100
( 1) and it gave an oil content of 20.2%. This value is low compared to the yield of other seeds as shown in table 2 but the resulting cake has economic value as is edible and can hence be used as animal feed concentrate. 
Fatty Acid Profile
The fatty acid profile of Cottonseed oil, rubber seed oil and castor oil and their biodiesels are shown in table.3 for the purpose of comparison. The oil contains mainly 22.42 % palmitic acid and 2.40 % stearic acids both of which are saturated, and 25.6 % oleic and 40.37 % linolenic which are unsaturated acids, making it 73.63 % unsaturated and hence a favored oil for health conscious consumers. The profile for the biodiesel follows the same pattern, but the weight of the acid with double bonds decreased while that of the monounsaturated increased thus making the total unsaturation to increase from 73.63% for the oil to 79.60 %.for the biodiesel. Of particular significance is the oleic acid of 17.31 % for the oil, which is below the average value of 45% for vegetable oils as reported (Bello et al., 2013b) . Oleic acid value is of importance when considering cold flow characteristics and oxidation stability on one hand and posterity for soap formation during transesterification on the other. Many properties of biodiesel depend on chain length and number of vacant bonds (Bagby and Freedman, 1987) . Highly saturated oils have been reported to possess higher cloud point and cetane number and more stable (Ramadhas et al., 2009 ). The three oils are saturated with oleic and linoleic constituting the dominant fatty acids except for castor oil in which ricinoleic constituted over 80% of the fatty acids profile. 
Specific Gravity
The oil had a specific gravity of 0.92 while that of the biodiesel was 0.91. Specific gravity is a dimensionless property that has profound effects on performance of the engine. Since the power developed will depends on the specific mass flow of the fuel into the engine. High specific gravity would translate to high kinematic viscosity of the fuel.
Cold Flow properties
The cloud point, pour point and cold soak filtration are cold flow properties of fuels and are crucial quality criteria, because when fuels are frozen, fuel flow to the engine would be restricted and the engine will stop running. The maximum cloud and pour points for biodiesel are 6, and -1, o C respectively and are all above zero, which limits their applications in cold regions. The cold soak filtration was 94 o C and 85 o C for the oil and biodiesel and well below the ASTM maximum value of 360 o C.
Flash Point
Flash point is a measure of how easily the fuel burns and thus a strong safety factor. Cottonseed oil (CSO) has a flash point of 316 o C, the value for B100 is 110 o C which although is below the minimum for biodiesel, is higher than that for diesel fuel. Flash point always fall after transesterification (Lam et al., 2010) .
Fire and smoke Point
The oil has a fire point of 322 o C and biodiesel 228 o C, The smoke point for the oil is 216 o C which are very high and gives reduced fire risk hence its common use for frying in restaurant and fast food shops. `
Kinematic Viscosity
The kinematic viscosity of the oil is 50.7 mm 2 /s and reduced to 4.10 mm 2 /s after transesterification. The high kinematic viscosity of the oil precludes it from being used neat in the engine but that of the biodiesel is within the ASTM limits for biodiesel.
Heating Values
The lower heating values for CSO is 41.25 MJ/kg and 39.54 MJ/kg for the biodiesel. These values are slightly less than that of diesel fuel which is consistent with the trend for biodiesel. The lower heating value of vegetable oils has been reported to be dependent on the composition of the fatty acids (Laza and Bereczky, 2010) .
Cetane Index
Biodiesel is an aggregate of about 9 fatty acids with different cetane numbers. The resulting cetane number depends on the proportion of the constituent fatty acids some of which have cetane number of almost 100. The oxygen content of biodiesel also contributes to high cetane number as reported by Joshia and Regg (2007) . The cetane index of the CSO of 49.02 increased to 89.47 for the B100 which is one of the highest for biodiesel.
Water and residue, and moisture content.
CSO contains 7.21% water and residue by weight, which fell drastically after transesterification because of the drying after treatment. The moisture content was also less than the maximum limit for biodiesel. Water has been shown to inhibit the transesterification process (Schwab et al., 1997; Romano, 1982) .
Iodine Values
The iodine values for the CSO and B100 are 94.7 and 70.2 mgl 2 /kg respectively and well below the ASTM maximum limit for biodiesel. Iodine value is an indication of the drying quality of oil.
Peroxide Value
This is an indicator of oil autoignition and high value is an indication of high degree of rancidity and fuel oxidation (Lin and Li, 2009) . The peroxide values are 9.25 and 8.0 meq/kg for the oil and biodiesel respectively.
Oxidation Stability
The oxidative stability of CSO at 110 o C was 6 hr and 10 hours for biodiesel respectively. The oxidiative stability of biodiesel should be limited because products of oxidation can form gums that can block the fuel system (Satyanarayh and Muraleedharan, 2010) .
Acid Value
Acid value is the quantity of base required to titrate a sample to a specified end point. The acid values of the oil was 11.50 and biodiesel 0.04 mgKOH/gm. Excessive free fatty acid in the fuel can be corrosive and may be a symptom of water in the fuel or oxidative degradation.
Free Fatty Acid
The free fatty acid values are 0.31% and 0.63 % for the oil and biodiesel respectively. The FFA value is very low hence no pretreatment was required. Excessive free fatty acid can promote soap formation that can retard biodiesel yield.
Saponification Values
The Saponification value of 189 for the oil is within the range for most vegetable oils (Oluba et al., 2008; Alatise and Akinhanmi) hence, it is widely used for the production of soap and shampoo. The value for the biodiesel of 202 is about the average value for biodiesel. Moderate amount of soap in biodiesel can help reduce friction between moving parts and improve cleanliness in the fuel pump. However, too much soap in biodiesel can cause the engine operation to be rough leading to incomplete combustion and as a consequence, increased exhaust emissions and reduced engine power output.
Unsaponifiable matter
The values of the nonvolatile matters left over after saponification are 13% and 38% for the oil and biodiesel respectively.
Free Glycerol
The free glycerol for the oil and biodiesel are 0.062 and 0.041% respectively. Mono-and di-glycerides are unstable intermediate compounds components which, are undesirable in biodiesel and is manifested as gums and sediments.
Distillation Temperature, 90% Recovered, Maximum
This parameter is an important tool for determining the presence of other substances in a fuel and in some cases satisfy the legal definition of biodiesel (i.e. monoalkyl esters). The vacuum distillation end point is below the 360 o C maximum at 90% distillation in EN D1160.
Sulphur
The sulphur content of oil was 2.23% and 1.314% for the biodiesel. The value for biodiesel is lower than the maximum specified by EN. Sulphur can affect catalytic converter effectiveness but contribute to the reduction of friction when present in diesel fuel.
Phosphorus Content
Phosphorus originates from the phospholipids in the oil and can adversely affect the effectiveness of exhaust emission catalytic systems after some time (Satyanarayh and Muraleedharan, 2010) . The value for the oil was 4.37% and 8.06 % for biodiesel which are less than the maximum specified by EN standard.
Colour, Smell and taste
Cotton seed kernel is black and the oil extracted was like black used engine oil, the biodiesel was light yellow while the glycerol was brown. The oil had a pungent smell but the biodiesel was less pungent. However, after refining it usually has a bland taste and is flavourless, hence a preferred oil for frying potatoes chips as it gives a full-flavored chip unmasked by oily residue.
Copper strip corrosion.
The copper strip corrosion for the oil was 4 on a scale with maximum value of 4 making it very corrosive, but it reduced to 2 for the biodiesel which is below the ASTM maximum for biodiesel. The degree of tarnish on the corroded copper strip corresponds with the overall corrosiveness of the biodiesel.
Conclusions
Cotton seed oil, because of the low free fatty acid, does not require a two-stage treatment for biodiesel production by alkaline transesterification, which is of economic values for large scale production. The properties are similar to those of diesel with the additional benefits of a high cetane number of 89.49, hence the biodiesel can be used as alternative fuel for diesel engines.
